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1 3  ABSTRACT 


Collagenase  inhibitors  as  adjuncts  to  antibiotic  therapy  were  evaluated  in  experimentally 
induced  Pseudomonas  keratitis  in  rabbits.  Neither  the  combination  of  1%  edetic  acid 
(EDTA)  and  0.25%  polymyxin  B  sulfate  nor  that  of  1.2%  cysteine  and  0.25%  polymyxin  B 
sulfate  was  more  effective  than  the  polymyxin  B  sulfate  alone.  There  was  a  small  statistical 
difference  in  favor  of  a  combination  of  edetic  acid-cysteine-polymyxm  B  sulfate  when  it  was 
compared  with  an  edetic  acid -polymyxin  B  sulfate  combination.  This  difference,  although 
statistically  significant,  did  not  appear  to  be  clinically  important  in  the  treatment  of  our 
experimental  model.  (U) 
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Collagenase  Inhibitors 


in  Pseudomonas  Keratitis 

Adjuncts  to  Antibiotic  Therapy  in  Rabbits 

LCDR  George  Bohigian,  MC,  USN;  Mario  Valenton,  MD,  Camp  Lejeune,  NC; 

Masao  Oku  mo  to,  MA,  San  Francisco;  Maj  Bobby  L.  Caraway,  VC,  USAF,  Camp  Lejeune,  NC 


Collagaiiaae  Inhibitors  as  adjuncts  to 
antibiotic  therapy  wars  evaluated  in  ex- 
part mentally  Induced  Pseudomonas  kera¬ 
titis  In  rabbits.  Neither  ba  combination  of 
1%  adatlc  acid  (EOT A)  and  0.25%  poly¬ 
myxin  B  suMalt  nor  that  at  1.2%  cyslalna 
and  0.25%  polymyxin  B  sulfate  was  more 
effective  than  the  polymyxin  B  sulfate 

In  experimentally  induced  Pseu¬ 
domonas  aeruginosa  keratitis,  the 
organism  produces  a  protease  that  is 
apparently  collagenase.'  Several  in¬ 
vestigators  have  reported  recently 
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■ion*.  Hum  was  a  email  statistical  dtfler- 
anca  In  lavor  of  a  combination  of  adatic 
acid-cysteine  polymyxin  B  suit  ala  whan  n 
eras  compared  with  an  edetfc  add-poly* 
myxln  B  sullde  combination.  This  differ¬ 
ence,  allhough  statistically  significant 
dkl  not  appear  to  ba  clinically  Important  In 
the  treatment  of  our  experimental  model. 

that  collagenase  inhibitors,  such  as 
edetic  acid  (EDTA)  and  cysteine,  are 
beneficial  in  experimental  collagen- 
ase-induced  keratitis.*-*  The  benefi¬ 
cial  effect  is  mediated  in  part  by  che¬ 
lation  of  the  calcium  necessary  for  ac¬ 
tivity  of  the  enzyme  collagenase.5-*  In 
addition,  edetic  acid  has  a  bactericidal 
effect  on  P  aeruginosa  by  dis¬ 
organizing  the  outer  layer  of  the  cell 
wall,  which  facilitates  the  pene¬ 
tration  of  antimicrobial  agents.’ 

Eidetic  acid  and  antibiotic  combina¬ 
tions  have  been  shown  to  have  a  syn¬ 
ergistic  effect  on  P  aeruginosa  in 
vitro,*  and  Wilson  has  shown  that 
edetic  acid  in  vivo  is  an  effective  ad¬ 
junct  to  antibiotic  therapy  in  kera¬ 
titis  that  has  been  experimentally  in¬ 
duced  with  Pseudomonas  extract.* 

The  purpose  of  this  study  was  to 


determine  whether  or  nbt  collagenase 
inhibitors  were  beneficial  adjuncts  to 
the  usual  antibiotic  treatment  of  an 
animal  model  of  Pseudomonas  corneal 
ulcer. 

Materials  and  MaMiods 

Drag*.— Sterile  1%  edetic  arid  (2.9  x 
10  ’M),  pH  7.0,  was  obtained  from  the  Uni¬ 
versity  of  California  Medical  Center  Phar¬ 
macy.  The  1.2%  L-cysteine-free  base 
(10- 'M)  and  0.25%  polymyxin  B  sulfate 
were  obtained  from  commercial  manufac¬ 
turers.  All  drugs  were  'rashly  prepared 
daily  in  sterile  distilled  watc,  and  the  pH 
of  each  solution  was  checked  before  and 
after  use. 

Strain  of  Frrwdimmn  -The  strain  of  P 
aeruginosa  we  used  was  obtained  origi¬ 
nally  from  a  patient  with  an  active  corneal 
ulcer.'*  It  was  sensitive  to  50- mg  poly¬ 
myxin  B  sulfate  disks  and  was  identifled 
as  type  6  (by  the  pyorine  typing  technique) 
at  the  Center  for  Disease  Control,  Atlanta. 
A  24-boor  growth  of  this  strain  at  37  C  on 
blood  agar  was  diluted  with  physiological 
saline  solution  to  produce  a  suspension 
standardised  to  5%  transmission  at  a 
wavelength  of  540  nm  against  a  dear 
blank  in  a  spectrophotometer.  This  cell  sus¬ 
pension  contained  approximately  10*  viable 
organisms/ml 
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Experimental  Mode).— To  produce  Pseu¬ 
domonas  keratitis  experimentally,  we  in¬ 
oculated  46  female  New  Zealand  white 
rabbits  weighing  approximately  2  kg  each. 
Four  days  prior  to  inoculation,  the  eyes 
were  anesthetized  with  one  drop  of  pro- 
paracaine  hydrochloride,  and  the  lower 
punctum  of  each  eye  was  cauterized  for  20 
seconds  with  a  hot  wire."  On  the  day  of  in¬ 
oculation,  the  eyes  were  again  anesthe¬ 
tized,  and  a  circtil-  area  of  central  comeal 
epithelium,  u  mm  in  diameter,  was  re¬ 
moved  with  a  platinum  spatula.  On  the  de¬ 
nuded  surface,  scratch  marks  were  made 
in  four  directions  with  a  five-pronged  tat¬ 
too  needle.  Approximately  0.1  ml  of  the 
Pseudomonas  suspension  was  applied  to 
the  corneas  of  both  eyes,  and  the  lids  were 
sutured  together  with  4-0  black  silk  and 
left  sutured  for  48  hours. 

Within  48  hours,  all  90  eyes  had  devel¬ 
oped  marked  purulent  conjunctivitis,  mild 
overall  comeal  haze,  and  a  whitish  ulcer  in¬ 
filtrate  centrally  that  usually  occupied  25% 
to  50%  of  the  comeal  area  (Fig  1).  This 
technique  had  been  used  previously  with 
similar  results.11 

Experimental  Design.— The  right  eyes  of 
the  infected  rabbits  were  treated  with 
polymyxin  B  sulfate,  alone  and  in  various 
combinations  with  the  collagenase  inhib¬ 
itors  edetic  acid  and  cysteine;  the  left  eyes 
served  as  controls,  saline  solution  being 
used  in  place  of  one  or  more  of  the  drugs. 
Treatment  was  begun  48  hours  after  the 
Pseudomonas  inoculation  and  was  contin¬ 
ued  for  five  days.  The  reason  for  with¬ 
holding  medication  for  48  hours  was  to 
create  a  situation  that  would  resemble  an 
actual  clinical  situation,  since  this  would 
enhance  the  importance  of  any  observed 
therapeutic  benefit 

The  infected  animals  were  randomly  di¬ 
vided  into  four  groups  of  ten  rabbits  each 
and  one  group  of  five  mbbits.  In  group  1, 
polymyxin  B  sulfate  alone  was  compared 
with  saline  solution;  in  group  2,  a  combina¬ 
tion  of  polymyxin  B  sulfate  and  edetic  acid 
was  compared  with  that  of  polymyxin  B 
sulfate  and  saline  solution;  in  group  3,  a 
combination  of  polymyxin  B  sulfate  and 
cysteine  was  compared  with  that  of  poly¬ 
myxin  B  sulfate  and  saline  solution;  and  in 
group  4  a  combination  of  polymyxin  B  sul¬ 
fate,  edetic  acid,  and  cysteine  was  com¬ 
pared  with  that  of  polymyxin  B  sulfate, 
edetic  acid,  and  saline  solution  (Table  1). 

An  amount  of  each  medication,  0.12  ml 
(2  drops),  was  applied  every  two  hours  dur¬ 
ing  the  day  (7  ah  to  6  ra),  with  five-minute 
intervals  between  drops  of  different  drugs 
when  more  than  one  was  applied.  In  addi¬ 
tion,  0.1  ml  of  each  solution  was  given  sub- 
conjunctivally  in  different  quadrants  of  the 


Fig  1  .—Representative  corneal  ulcer  Infiltrate  before  therapy  at  48  hours.  Infiltrate 
graded  +2  (area)  and  +2  (density).  Final  score  of  severit/,  +4. 


Table  1. — Treatment  Groups 

Group 

Right  Eye 

Left  Eye 

1 

Polymyxin  B  sulfate 

Saline  solution 

2 

Edetic  acid 

8  polymyxin  B  sulfate 

Saline  solution 

S  polymyxin  B  sulfate 

3 

Cysteine 

S  polymyxin  B  sulfate 

Saline  solution 

S  polymyxin  B  sulfate 

4 

Cysteine,  edetic  acid, 
polymyxin  B  sulfate 

Saline,  edetic  acid, 
polymyxin  B  sulfate 

Table  2. — Method  of  Scoring  Severity  of  Experimental  Pseudomonas  Keratitis* 


Area  of  Infiltrate 
(%  of  Corneal 
Surface  Affectad) 

Grade 

Density  of 

Infiltrate 

Grade 

0 

0 

None 

0 

0-25 

+1 

Feint 

+  1 

25-50 

+2 

Moderate 

+2 

50-75 

+3 

Severe 

+3 

75-100 

+4 

Very  severe 
(chalky  white) 

+4 

*  Area  grade  and  density  grade  totaled  to  express  severity  score  for  each  eye.  Maximum 
possible  score  Is  +8. 
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Saline  Solution  70  < 


Polymyxin  B  Sulfate' 


Treatment  Period 


1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18 

Days  After  Inoculation 


Fig  2.— Right  eyes  treated  with  poly¬ 
myxin  B  sulfate  (triangles-dashed  line) 
had  substantially  less  keratitis  than  left 
eyes  treated  with  saline  solution  (dots- 
solid  line). 


eye  once  a  night 

The  special  group  of  five  infected  ani¬ 
mals  received  0.1  ml  of  each  solution  in¬ 
travenously  via  the  marginal  ear  vein  daily 
for  five  days.  The  reason  for  this  addi¬ 
tional  control  was  to  verify  that  subcon¬ 
junctival  therapy  received  in  the  right  eye 
could  not  cross  over  systemically  to  affect 
the  control  eye. 

All  treatments  were  administered  by  an 
investigator  who  was  not  informed  of  the 
con  ent  of  the  solution  he  was  injecting. 

Scoring  of  the  Corned  Lesioes.-The  ani¬ 
mals  were  examined  grossly  with  a  slit- 
lamp  every  day  for  two  weeks,  represent¬ 
ative  photographs  were  taken,  and  the 
lesions  were  graded  by  two  observers  who 
did  not  know  which  form  of  treatment  the 
animals  had  received.  The  area  and  the 
density  of  the  corneal  ulcer  infiltrates  were 
graded  separately  from  0  to  +4.  The  area 
grade  and  the  density  grade  were  then 
added  together  to  give  the  score  of  the  se¬ 
verity  of  the  keratitis  in  each  eye  (Table  2). 


Edetic  Acid 

* 

Polymyxin  B  SulfateJ; 

\  / - 4: 

Yv'' 

Saline  Solution  *  I 
&  * 
Polymyxin  B  Sulfate 


Treatment  Period 


1  2  3  4  5  6  7  8  8  10  11  12  13  14 


Days  After  Inoculation 


Results 

All  of  the  medications  were  well 
tolerated.  None  of  the  rabbits  died 
during  the  study.  The  results  in  each 
group  were  plotted  on  a  series  of  scat- 
tergrams  to  show  a  progression  of  the 
ulcer  infiltrates  (Fig  2  to  6).  In  group 
1  (Fig  2),  there  was  a  statistically  sig¬ 
nificant  difference  between  the  poly¬ 
myxin  B  sulfate-treated  right  eyes 
and  the  saline  solution-treated  left 
eyes.  No  statistically  significant  dif¬ 
ferences  were  found  in  groups  2  and  3 
(Fig  3  and  4)  on  postinoculation  days 
7  or  14.  In  group  4  (Fig  5),  the  cys- 
teine-edetic  acid-polymyxin  B  sulfate 
combination  in  comparison  with  the 
saline  solution-edetic  acid-polymyxin 
B  sulfate  combination  resulted  in  a 
statistically  significant  difference  in 
favor  of  the  cysteine-edetic  acid-poly¬ 
myxin  B  sulfate  combination  ( P  -  .01 
by  x1  for  small  frequencies  when  the 


Fig  3.— Right  eyas  treated  with  edetic 
acid  and  polymyxin  B  sulfate  (trianglee- 
daahed  line)  had  nearly  same  degree  of 
keratitis  as  left  eyee  treated  with  saline  so¬ 
lution  and  polymyxin  B  sulfate  (dote-eodd 
line). 
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Fig  4.— Right  eyes  treated  with  cysteine 
and  polymyxin  a  sulfate  (triangle-dashed 
line)  had  nearly  same  degree  of  keratitis 
as  left  eyes  treated  with  saline  solution 
and  polymyxin  B  sulfate  (dots-solid  line). 


clinical  score  was  less  than  two  at  day 
14).12  If  the  x'  was  applied  when  the 

clinical  ovcre  v. . _ j  , _ ..  or  more 

than  2,  then  the  differences  were  no 
longer  statistically  significant. 

Intravenous  medication  had  no  ben¬ 
eficial  effect  on  the  natural  course  of 
the  disease;  the  keratitis  induced  in  the 
rabbits  treated  intravenously  with 
the  various  drugs  followed  the  same 
course  as  that  in  the  controls  that  re¬ 
ceived  saline  solutions. 

All  of  the  therapeutic  combinations 
tested  are  compared  in  Fig  6. 

Comment 

In  this  experimental  model,  no  ben¬ 
efit  was  derived  from  the  addition  of 
either  1%  edetic  acid  or  1.2%  cysteine 
to  0.25%  polymyxin  B  sulfate  when 
the  effects  were  compared  with  the 
effect  of  polymyxin  B  sulfate  alone. 
When  both  of  the  collagenase  inhib¬ 
itors  were  added,  there  was  a  small 
difference  between  this  three-way 
combination  (edetic  acid,  cysteine, 
and  polymyxin  B  sulfate)  and  the 
two-way  combination  (edetic  acid  and 
polymyxin  B  sulfate).  This  difference, 
although  "statistically”  significant, 
did  not  appear  to  offer  any  practical 
"clinical”  advantage.  All  of  the  ob¬ 
servers  agreed  that  the  differences 
were  not  clinically  important.  The 
three-part  combination  might,  of 
course,  have  a  more  favorable  effect 
in  vivo  if  treatment  were  begun  ear¬ 
lier  and  administered  longer.  How¬ 
ever,  our  study  was  expressly  de¬ 
signed  to  show  which  of  these  drug 
combinations,  if  any,  would  be  more 
effective  than  polymyxin  B  sulfate 
alone  late  in  the  experimental  dis¬ 
ease.  It  was  assumed  that  the  experi¬ 
mental  disease  at  this  stage  would 
more  closely  correspond  to  the  human 
disease,  the  treatment  of  which  is  30 


Fig  5  — Righ.  ayes  treated  with  cysteine, 
edetic  acid,  and  polymyxin  B  sulfate  (tn- 
anpies-daaked  line)  had  substantially  less 
keratitis  at  day  14  than  left  eyes  treated 
with  saline  solution,  edetic  acid,  and  poly¬ 
myxin  B  sulfate  (dote- solid  line). 
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Fig  6.— Comparison  of  effects  of  treating  experimentally  induced  Pseudomonas  kera¬ 
titis  with  polymyxin  B  sulfate  alone,  with  polymyxin  B  sulfate  and  ed^e  icid  or  cysteine, 
with  polymyxin  B  sulfate  combined  with  ecetic  acid  and  cysteine,  ...»  with  sam,'*  solu¬ 
tion  alone. 


frequently  delayed. 

The  low  concentration  of  poly¬ 
myxin  B  sulfate  was  chosen  so  that 
any  therapeutic  effect  displayed  by 
the  collagenase  inhibitors  would  not 
be  masked;  the  antibiotic  even  in  this 
strength  was  effective.  E.  Chowchu- 
veck,  MD;  M.  Okumoto,  MA;  and  C. 
Yoneda,  MD,  using  this  strain  of  P 
aeruginosa  and  this  model,  have 
found  1%  edetic  acid  to  have  a  slightly 
beneficial  effect  compared  wi  h  saline 
solution  (unpublished  data).  The  use 
of  higher  concentrations  of  these  col¬ 
lagenase  inhibitors  has  recently  been 
recommended.* 

The  clinical  picture  of  the  disease 
process  in  rabbits  and  humans  is 
slightly  different.  Experimentally  in¬ 
duced  Pseudomonas  infections  of  the 


cornea  in  the  rabbit  are  mainly  a  ne¬ 
crosis  of  the  epithelium  and  stroma 
and  hence  an  ulcer  infiltrate.  In  hu¬ 
man  cases,  a  similar  sequence  can  be 
seen,  but  frequently  this  can  appear 
more  as  a  corneal  melting  process. 
This  process  may  be  different  than 
stromal  disease  seen  in  the  rabbit 
model;  thus,  the  effects  of  collagenase 
inhibitors  on  corneal  melting  in  hu¬ 
mans  could  not  be  determined  by  the 
present  study.  The  therapeutic  effect 
of  collagenase  inhibitors  on  human 
cases  of  Pseudomonas  corneal  ulcer 
will  depend  on  the  results  of  well-c sn 
trolled  studies  in  the  future.  In  our 
animal  model,  topically  and  subcon- 
junctivally  administered  edetic  acid 
and  cysteine  combinations  with  poly¬ 
myxin  B  sulfate  did  not  have  a  more 


beneficial  effect  than  polymyxin  B 
sulfate  alone. 
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Proparacaine  hydrochloride-Afcarne,  Oph- 
thaine. 

Edetic  acid-Nullapons,  Sequestrtne,  Ver- 
seite  Acid. 


References 

1.  Fisher  E  Jr,  Allen  JH:  Mechanism  of  cor¬ 
neal  destruction  by  Pseudomonas  proteases.  Am 
J  Ophthalmol  46249-255.  1968. 

2.  Brown  SI,  Akiym  S,  Weller  CA:  Prevention 
of  the  ulcers  of  the  alkali-burned  cornea:  Prelim¬ 
inary  studies  with  collagenase  inhibitors.  Arch 
Ophthalmol  8226-97.  1969. 

3.  Brown  SI,  Hook  C:  Treatment  of  corneal  de¬ 
struction  with  collagenase  inhibitors.  TYaaa  Am 
Acad  Ophthalmol  Otolaryngol  75:1199-1207, 1971. 

4.  Slansky  HH.  Dohlman  CH,  Berman  MB: 
Prevention  of  corneal  ulcers.  Trans  Am  Acad 
Ophthalmol  Otolaryngol  75:1208-1211.  1971. 

5.  Itoi  M,  et  at:  Prevention  d’ulctra  du  stroma 
de  la  a>-t>4e  grice  k  1'utilisaUor.  d'un  sel  de  cal¬ 
cium  d’EDTA.  Arch  Ophthalmol  29289-392, 1969. 

6.  Hook  CW,  et  al:  Characterisation  and  inhi¬ 
bition  of  corneal  collagenaae.  Invest  Ophthalmol 
10:496-503.  1971. 

7.  Wilkinson  SG:  The  sensitivity  of  paendomo- 
nads  to  ethylenediaminetetraacetic  add.  J  Gen 
Microbiol  4767-76. 1967. 

8.  Weiaer  R,  Wimpenny  J,  Aascher  AW:  Syn¬ 
ergistic  effect  of  edetic^ acid /anti biotic  combina¬ 
tions  oo  Pseudomonas  aeruginosa.  Lancet  2619- 
620.  1969. 

9.  Wilson  LA:  Chelation  in  experimental 
Pseudomonas  keratitis.  C-  J  Ophtkalr..J  51:587- 
593,  1970. 

10.  Bohigian  GM,  Escapini  H:  Corneal  ulcer 
due  to  Pseudomonas  oerngrnosa  A  comparison 
of  the  disease  in  California  and  H  Salvador. 
Arch  Ophthalmol  86:405-400,  1971. 

11.  Bohigian  G,  Okumoto  M,  Valenton  M:  Ex¬ 
perimental  a  .udomonas  keratitis:  Treatment 
with  aru  evaluation  ot  earbenidllin  and  gen¬ 
tamicin  in  combination.  Arch  Ophthalmol  86:432- 
437,  1971. 

12.  Pearson  ES,  Hartley  HO:  Biomstrika  To¬ 
bias  for  Statisticians.  London,  Cambridge  Uni¬ 
versity  Press,  1954,  roi  1. 


56  Arch  Ophthalmol /Vol  91.  Jan  1974 


Pseudomonas  Knratltls/Bohfglan  at  al 


